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The Questions ...

• How does the Earth work as a system of 
interconnecting parts?

• How is the Earth’s environment is changing?
• How do humans affect the environment and climate, 

and what are the future consequences?



The Climate Questions ...

Forces acting on 
the Earth system Earth system 

responses IMPACTS 

Feedbacks (in order of largest uncertainty): 
cloud, lapse rate/water vapor, snow/ice albedo

GHG’s (CO2, 
CH4, ...), 
Aerosols 
(direct & 
indirect 
[largest 
unc.]), ...

~ 1.6 W/m2 (0.6-2.4

~1.6 W/m2

(0.6-2.4)



ModelingMeasurements
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NASA Goddard Institute for Space Studies

NOAA National Climatic Data Center

Japanese Meteorological Agency

Met O!ce Hadley Centre/Climatic Research Unit



NASA Science Efforts Include ...
• Measurements

- instruments on satellites, aircraft/balloons, and 
the ground

• Modeling
- physical processes, climate, weather

• Communication
- free and open data access
- scientists, public, stakeholders



International Efforts in Satellite Observations of Climate
• Efforts of all countries are needed to provide needed breadth, 

resilience, and innovation.
• Space-based perspective provides unequalled vanatage point for 

observing Earth systems.
• Cooperation among nations, including data sharing calibration/

validation, and assessment, enhances value of all nations’ efforts.
• Satellite data can support both long-term climate and near-term 

operational requirements. Can improve quality of life for all the world’s 
citizens.

• Numerous entities and mechanisms exist that are facilitating this 
coordination.
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NASA Earth Science 2005-2013 Airborne Campaigns
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2005-2013 Airborne Campaigns 
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Calendar Year 

         2005 
         2006 
         2007 
         2008 
         2009 
         2010 
         2011 
         2012 

         2013+ 
 

• 

• 

• 

• 

• 

Sal Island, Cape Verde 

San Jose, Costa Rica 

Vera Cruz, Mexico 

Honolulu, HI 

Anchorage, AK 

Fairbanks, AK 

Thule, Greenland 

Portsmouth, NH 

Warner Robins, GA 

Houston, TX 

Edwards, CA 

Ponca City, OK 

Mildenhall, England 

Punta Arenas, Chile 

Antarctica 

Thailand 

Svalbard, Norway 

Iceland 

Key West, FL 

Barrow, AK 

• 

Saskatoon 
Goose Bay 

Wallops, VA 

Papeete, French Polynesia 

Yellowknife 

Cold Lake 

• 

• 

• 

Ft. Lauderdale, FL 

• 

• 

• 

• 

• • 

• 

• 

• 

•u 

• 

• 

Kiruna, Sweden 

Surprise Valley, NV 

Palmdale, CA 

Darwin, Australia 

• 

Kona, HI 

• 

Guam 

Chile 

Japa
n 

Ecuador 



NASA’s Current Earth/Climate 
Observation Satellites

The Afternoon 
Constellation (A-Train)





Sun Synchronous Polar Orbits:
Aqua MODIS imager true color composite (2330 km swath)  

July 11,
2005

July 11 & 12, 
2005

satellite 
orbit



Hurricane Katrina
August 28, 2005

NASA’s Moderate Resolution 
Spectroradiometer (MODIS) on the Terra 

Tiros-1: 1961

Earth Observations: Then and Now

TIROS (Television and Infrared 
Observation Satellite)

S. Atlantic Cyclone
 July 1961



NASA’s International Afternoon 
Constellation (A-Train)



NASA’s International Afternoon 
Constellation (A-Train): Eyjafjallajokull

MODIS&true+color&image
10&May&2010

CALIPSO
lidar

OMI&SO2&



NASA’s International Afternoon 
Constellation (A-Train): Tropical storms

TS#Debby#(24#Aug#2006)

MODIS#IR#+#AIRS#H2O#+#CloudSat#radar#+#CALIOP#lidar

Hurricane#Bill#(19#Aug#2009)

MODIS#+#POLDER#+#CALIOP#lidar



NASA’s International Afternoon Constellation 
(A-Train): Aerosol Indirect Effect (AIE)

Ship#Track#off#west#coast#of#U.#S.##

(4#March#2009):#MODIS



NASA’s International Afternoon Constellation 
(A-Train): Aerosol Indirect Effect (AIE)

Ship#Track#off#west#coast#of#U.#S.##

(15#Jan#2013):#MODIS

Schematic illustration of the effect of
cloud nucleation particles from ship
exhaust resulting in a larger number of
cloud droplets in a given volume of
cloud but with smaller droplet sizes.

less#reflecUve
more#reflecUve

reduced&drizzle
efficiency

=>&longer&lived&cloud,
more&cloud&cover?

Golaz#et#al.,##2013

Three#20th#century##experiments##

for#NOAA#GFDL#climate#model:#

all#achieve#radiaUon#balance,#

only#difference#is#strength#of#AIE#

(autoconversion#threshold#size).#

reduced#AIE

increased#AIE



NASA’s International Afternoon Constellation 
(A-Train): Aerosol Indirect Effect (AIE)

AMSR%E'(Aqua'satellite)'Liquid'Water'Path'(LWP)
CloudSat'precip.'detec=on'for

Trade'Cu'clouds
Sorooshian et al. On the precipitation susceptibility of clouds to aerosol 

perturbations. Geophys. Res. Lett. (2009) vol. 36 (13) pp. 1-5

rela=ve'change
in'precipita=on'rate

vs.'Aerosol'Op=cal'Depth'
(AOD)



NASA’s International Afternoon Constellation 
(A-Train): Aerosol Direct Effect

MODIS (MOD04) April 2013 mean AOD



NASA’s International Afternoon Constellation 
(A-Train): Aerosol Direct Effect

MODIS (MOD04) April 2013 mean AODMODIS (MOD04) Sept 2012 mean AOD



MODIS Fire Counts 



NASA GSFC GMAO GEOS-5, 3.5 km, 2 January 2009



NASA%LANCE%(Land%Atmo.%Near%RealAtime%Capability%for%EOS):%
MODIS,%OMI,%AIRS,%MLS

earthdata.nasa.gov/data/near6real6time6data

Many%of%the%visualizations%and%images%shown%can%be%found%at:
svs.gsfc.nasa.gov

&
earthobservatory.nasa.gov

Useful Links


